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ejection, but also zero-altitude low-speed ejection on the
runway. The newly developed high-spee d ejection test mechaniss
and the variable stability aircraft will scoon be put in use.

» The ground testing facilities include chiefly the flight
sirulator, the airvcraft control systems testing platform, the
underground and open-air engine testing platforms, the testing
platform for engine fuel and olil regulating systems, the aircraft
propulsion testing platform, the ejection seat testing platforsn.,
the high-altitude test chamber, the high-voltage static
glectricity laboratcory, and the antenna testing field. These
installations have played a very major role in completing
qualifying evaluation flight testing, developing p'ellnluary
research, improving flight testing methods, and in raising the
ievel of flight testing efficiency. ’

In the early days following the establishment of the CFTRC,
the basic airborne testing instruments were automatic recorders
and optical oscillographs. In the 1560s, we developed and
designed our own first-generation adjustable-freguency and
digital type tape recording system, and gradually eguipped
domestically rmanufactured radio remote controlled systems fo:
real-tine senitoring of a few parameters. In the late 15703, we
successiully developed the second generation digital tape
recording systewm and imported a data collection systen and
surface data processing station from France. In the early 1%20s,
the CFTRC isporzed a Lishan [tramsliteration) real-tine data
syster whicii was a combination of magnetic tape and telemetry
Zyst , Wit an emphasis on telemetry. This was an advanced
systen. for the tinme, and accelerated the pace of rescarch which
was being conducted. It provided feasible testing methods for
VELOCily paraneters with strict time reguirements, such as the
cngine intake surface pressure field distribution. In the mid-
1980s, in order to have additional capabilities for the final
Erocessing o flight testing data, we imported the Qinchuar
{transliteration] systemr, which is centered arcund a computer.
and kecarn to buiid a nultiple-function rerote conmtrel station.
The use ¢f these advanced level testing systems not only improved
the effectiveness of flight testing, allowing a single conposite
test flight fcr modifications, during which data on a nunbker cf
speciel items could be collected, but also provided high-guality
and safe command control. This greatly increased the safety and
success rvate of flight testing. In addition, it also created
extremely beneficial conditions for reforming flight test
organizaticon and management methods.

DEVELOFMENLT OF COMMERCIAL AND CIVILIAII USES

In the past tern years of reforms, folliowing the policy of
developn.ent Iin the aervospace in duatry, the CFTRC has proposed the
slodan "with f£light testing as our principal effort, let us
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|
o
7

engadge ir business, stress basic research, develcp promising
trends, do better in every way, and increase oul prestige worlid-
widz." The CFTRC has establiished a civilian aircraft testing Jak
which, after completing the "three continuous take-offs" project
for the dcmestically produced Y-8 aircraft, undertook civilian
aircraft airworthiness flight testing. It performed rescarch

in coiprehensive and thorough £light testing methods and
measurenent technigues in accordance with airworthiness
regulations. As China's civilian aircraft industry develops, we
are confident that civilian aircraft flight testing will also
bezcorme cne of the major missions of the CFTRC.

In additicn to conducting debugging, research and model
deternination in-flight and surface testing of aircraft, engines,
and on-bcoard =guipment, the CFTRC also is actively preparing
ageria. renote reasureinent, remote sensing and photographic
wissions for the ministries of energy vesources, communicaticns
urpban construction, geology, agriculture and forestry., and
clanning. It has undertaken development of automnatic monitor and
contrcl systers and various series of remote Sensors, converter:
and digitel recording systems. It has conducted antenna design,
reseasrcih and Gevelopient, performance testing and flight testing.
I° has undertarken Zonitoring and testing of structural stienyth,
vibraticn, and ncisc; elimination of vibration and noise 4 1Ty
in aivborne eguipnrsent; the design, manufacture and product cE
nIn-standard eguipnent for various systems; and the repairi,

tion and installation of many kinds of mechanical

rent. The CFTRC has also taken significant steps toward

S products to support the civilian sector and in the

Tl of products for export. At the present tire, ths

is being veoiganized to adapt to developmental trends.
COHTINUCOUS ZHEPAN3ZICH OF INTERNATIONAL COOFERATION
In recent years, the CFTRC has rade some major advances in
inTérneticonal colperaticn. Since China's opening up teoe foreign
nations, tne CFTRL has irported much advanced technical eguips
and sent wors than 200 students, apprentices, visiting scholars
and engineers ana technicians abroad to workx, study, make tour
of inspection, and engage in technical exchanges, as well as
develop a <¢lose relationship with their fellow technicians
abrecad. In the past ten years, the CFTRC has received more than
30 delecaticinis and several hundred persons on visits of
inspection and cooperation from more than ten countries including
England, the United States, France, West Germany, Swedern, and
Fakistan. It has also cooperated with the space research
institutes of West Germany and Sweden in scientific research in
such areas as flight dynamics and aerodynamics with outstanding
resulits.,
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The developnent of flight testing parameter recognition
technology and flight performance measurement flight testing
technclogy by the CFTRC has already made a positive contribution
to the development of domestic models; these contributions
include the satisfactory 1e>ulutlon of such problems as the
azimuth static stability of the F-8 at high mach speeds and the
probiem of the dimensions of the VeIthdl tail, as well as the
problem of hypersensitivity of longitudinal control in the F- 6
Especially during the assessment of the problem with the F-6'
longitudinal control, the aircraft underwent evaluation testing
at an instability of three percent. At the present time, the
CFTRC is conducting research on new tec}r'Lugy for angle of
attack stability and parameter recognition
STALL/SPIN TEITIUG
The CFTRC is using free-flight models to conduct extensive
sta.l/spin testing for different models of aircraft, and &at thes
same tiie is developing the basis for wmore profound thecretical
research. In its stall/spin testing of such aircraft as the FT-
5, F~¢ and FT-6, it has obtained a great deal of valuable data.
worxing togethner with other units, it has deternined & nuaber of
laws governing these characteristics and summarized the "level,
neutral, yvielid" method of getting out of a tail spin. This has
contributed to improving the level of air force training and
reducing the number of accidents.
AT tohe presernt time, the CFTRC is conducting stall
characteristics tests on the ¥Y-7 and is actively preparing to
conduct stall/spin tests for delta-wing high-speed aircrafti.
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t time in the
can be controlled by computer,
level and manually. In case of a
the emergency control system can
from anywhere it might be at the time
This system can also correct for
caused by fuel consumption, Keeping
he length of the aerodynamic chord.
an adjust the center of gravity at a rat
rcent of the acrudynamlg chord per minute. Rcbealuuel
1tly making further improvements to this system, in h
se of a microcomputer can turn it into an independern
systeir, thus freeing the on-board computer for contr‘l;Lng utA
features or systems, and also accelerating center-of-gravity
adjustments, thereby increasing flight efficiency.
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The towed-cone syster is a static pressure measuring syster towel
behirnd the vertical tail. During flight, this systen can
positicn the static pressure measuring tube a long way froi the
aircraft {up to 40 meters), basically avoiding the effects of
aircraft turbulence, and obtaining more realistic environmental
pressure readings than possible by locating the pressure
measuring tube anywhere on the aircraft; at times, it achieves a
virtual zero-lievel error. Therefore, the reading cannot only be
used as a reference pressure for correcting the positional error
of the aircraft airspeed system, but can also be used as a
reference pressure for the aircraft aerodynamics and performance
data. This is especially useful when putu¢ug the aircraft intc =&
stall rmode. Fereign countries began using this type of systen in
the 197Cs. It is now being widely used for research-type flight
testing and for airworthiness evaluation flight testing.

Howeveil, this was the first time it was used in China for flight
testing.

Ve nave found through experience that the towed cone syster nct
only provides accurate static pressure data, but alse reduces the
error and improves the accuracy of flight testing results because
its deviaticon i1s not affected by the flight zone.
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earch aircraft in China, modified frowm
It is equipped with an electro-

feel system, a aerodynamic variable

ed target motion tracking display
recording and telemetry systea.

ring, recording, warning and dat
on the ground station. BW-1
1ics and control technology,
aircraft, flight test pilo
simulation [English abstract
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, the forward cabin control stick was
control while the control stick in the
mechanical with an electromagnetic clutch
hen operating with variable stability, the
L. When the clutch engages, the variable stability
m is disconnected and either control stick can be
‘0l the aircraft. The steering controls of the
dynamic variable stability system and the artificial feel
onnected by & hydraulic clutch and a mechanical
. When operating with variable stability, both
ches ere engaged with the mechanical control system. In the
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hydraulic systen, fine oil filters are imnstalled ahead of both
the steering controls. The hydraulic reservo ir of the original
system was replaced with a sealed hydraulic reservoir which is
filled under pressure. In place of the original sighting device,
a target tracking display was mounted. In all, 136 new pieces of
eguiprent were installed in the aircraft. A compartment in the
belly of the aircraft was converted expressly to accomwmodate the
equipment. The exterior of the aircraft is shown in a special
color insert [not included in translated material].

OPERATIONAL FPFRINCIPLES OF VARIABLE STABILITY

Figure 1 is a block diagran of the BW-1 systems. During variaunlc
stakbility f£light, the evaluation pilot uses the artificial feel
systewm to rove the control stick. The control signal is sent tc
the sinulation computer, which calculates and sends out the
ccnmtrel stick movement signals using the artificial feel
mathematical model, driving the artificial feel steering
controls. The trim circuit can provide the control rod with til
novenents for varicus speesds.

The position sensor of the artificial feel steering controls
transiits the signal for & change in stick position to the
digitel computer. After the control stick model in the aircraft
control systern has been calculated, the amount of sirulated
rudder turn is transritted to the aerodynamic variable stabiliity
systeli, thus allowing the evaluation pilot to exercise electronic
contrer of the simulated aircraft.

The aerodynanic variable stability systerm has dual capability for
response feedback and model following. In the wmodel followin
systein, the control stick model system tramsimits the sinulated
rudder surface toe the mathematical model of the aircraft beinyg
sizulated. The model's response output is tracked by the
sinulated aircraft's serve control tracking ring. Therefore, the
operating response the pilot perceives is eguivalent to the
response chavacteristics of the simulated aircraft. In the
response feedback syster, it is only necessary to use digital
computer regulating methods to match the characteristics of the
simulated aircraft with the acceleration and pitch rate feedback
Gaiil.
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RO LELL YT )
Figure 1. Block diagram of the BW-1 systems. Key: {1) Display;
{2} Wave filter; {3} Random signal generator; {(4) Wave filter;
{5} Tracking display systenm; 16) Artificial feel syster; (7]
Aartificial fezel simulator; (8) Forward stick movement sensor; (%)
Rear stick wmovement sensor; (10) Test signal genervator; (11)
Artificial fecl steering controls; (12) Trim installation; (i3}
Digital computer; {(14) Aerodynamic variable stability systex;
{10) Variable stability steering controls; {(186) Booster; (17
Aivcraft; (18) Sensor; (19) Regulator; (20) Accumulator; (21}
Recorder; (22) Spgech; {(22) Heasurement systen; (24) Freduendty
wixer; {(25) Transmitter; (26) Transivitter antenna; (Z27) Ground
station; (28) warning; (2%) Recording; (30} Display. (31} Data
processing,; {(32) Ground station system.

[}

There are four control modes on the variable stability control
panel in the rear pilot's cockpit: Response feedback, linear
acceleration tracking, pitch rate tracking and manual control.
There are alsc four sets of parameter-changing knobs and threc
sets of speed-adjustment knobs. In all, 256 parameter sets can
be loaded in the conputer. Each parameter set includes 48
variable parameters. For the convenience of pilot operation,
only four sets of parameters may be altered for each mode during
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that the BW-1 has excellent in-flight simulation capabilities.
Four pilots (including one British test pilot) have conducted
openn loop and c<¢losed loop control flights on the sinulation
placforn, including overload pursuit and maintenance, attitude
pursuit and naintenance, and target pursuit. They unanimously
felt that the BW-1 is very effective in the study of flight
guality.

On-board overall surface testing of systems includes performance
testing, el ectromagnctlc co npat1b1¢1ty testing and structural
modality coupling testing. In comparison with the results of the
laboratory testing, the artificial feel system and the systen
fault instantaneous mode characteristics show some improvement;
mcst of the other results are about the same.

The structural modality coupling testing is divided 1nto the open
loop and closed loop tests. It uses a harmonic signal excitation
systern to measure the open loop and closed loop frequer Cy
response characteristics. It also uses a pulse excitation
contrel stick to weasure elapsed time with the loop cloused. The
results have demonstrated that without a structural filter, or
when theée wave trap point is not properly set, individual
conditions do not satisfy the NYQUIST criteria. After the wave
trap point has been adjusted, the system satisfies the structural
modality coupling stability reguirements very well.

THE BW-1 FLIGHT TESTING PROGRAM

The flight testing program is carvied out i1s six steps.

The first step is surface taxiing. This is to check if the
various systewns are operating normally following modification.
The sccond step is nedification fli ght testing. This is the
flight testing of the modified aircraft with the variable
stakility controls not being connected to the aircraft's wain
contral systen to check that aircraft capabilities and syste:
operation are normal.

The third step is f£light testing of the artif:-ial feel systen.
The aerodynanic variable stability rudder is disconnected fron
the wain control system machinery. The rear cockpit pilot
contiols the aircraft. The pilot's control stick is released,
and the front cockpit pilot conducts feel control with artificial
feel chavacteristics. Other parts of the variable control systen
are put into operation. Initial checks are made of the
operations of the electrical systems.

The fourth step is the flight testing of the quasi-closed loop
systen. The system is put into operation in its entirety.
Howevecr, the linear acceleration sensor and the rate of pitch
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gyroscope feedback gain are set at almost zero. The system is
about the same as an open loop. Further testing is done on the
operation ¢f the entire syster.

The fifth step is the closed loop flight testing of the variable
stability control system. It is gradually expanded to the ranges
of the overall design capabllitles and the limits to which the
parameters can be varied.

The sixth step is practical flight testing of the variable
stability aircraft.

1. Training flight testing personnel. Using a variable
stalbility aircraft to train test pilots is an effective means of
keeping firm contrel of the flight guality flight testing
technigue and evaluation of methods.

2. Flight guality research, especially research in f£light
guality ¢f aircraft with electronic controls.

3. In-flight £f£lignht simulation of new aircraft.

4. Research into conirol technology. The BW-1 uses digital
electronic controls which can be used to conduct research inte
digital control technologies such as control pattern design,
selection of sampling rates, software design, and insensitivity
design. In addition, with slight modifications, it can also be
used fcr lateral rod control research.

5. Verification of ground flight simulation.
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Hu Ycengyuan

r

Following the completion of the work of vecorganizing the former
CAAC Chengdu, Shanghai, and Beijing Adwinistration Bureaus
azcording to the veforrn policy ©f separating government and
business, CAAC announced in Xian on 23 April of this year that
the original Xian Administrative Bureau has been reorganized as
the Northwest Adzinistraticn Bureau, the Chinese Northnwest
Airiine, and the Xiguan Airfielid; in the near future, after a
period ¢f trial operation, official operatioms will begin.
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F FOWERPLANT FLIGHT TEST RESEARCH
1S, Shou Shengde, Qiaoc Wenxiao
est researchn 1s one of important tasks
L the article the authors present the
activities in this field during the
h abstract).
r aircraft powerplants is an indispensable
- - - e - - ~ — - . P — - m -
eloping engines. In foreign countries,
he developrnental cycle of aircraft engines
nt flight testing basically is equivalent
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s in powerplant flight test research:
ualifying evaluation test flights for
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suIcessfiully develiopsd the water-cooled rake. Orn three kirds of
£ ' enginzs, we undertook performance characteristic test

£ arnd obtained relatively accurate high—-speed capability
reed s wnile using full and partial afterburning under maximui
statss for these three kRinds of engines.
Tac "avag cuant rake” developed for propellel engines has
made possi csearch on drag characteristics.

noordsr to lary & tschnological foundation for the integratel
Jesign ¢f neéw propulsion systens, as well as for the careludl
study <f the intervelationship between wind tunnel and flignt. we
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advancing ouUur WOLH
c¢f engines.

Study of Flying test bed
are principailly used in
and for special test flig
erizental plane. On a hi
ore the being placed in s
car even nore prominent.
i comstrucsted by refittin
€T many years of improvem
with freguency moduliation
ystems, and real-ti MOT
andards. It has gr 1y

st ted, we have alrea
ial test flights for
£ engines. It is wor
suirface high-elevation p
cversial problers such a
ng, resulting in signific
na the scope of ths use ©
studied an engine that h
urnping drag/rotvaticonal ne
z& and altitude vange of
patibility Between Air Fa
years, we nave undertaken
airplance models on topics
rn, patterns of airv intak
filow charts for air inta
ciiarts for air intaxe ex
intare pressure distribut
ge angies of attack. To
s, we designed a 48-poin
star configuration and a
sured the parameters for
distortion fiow fieid of
rocessing data on the sta
staile~-state distortion ¢
¢ for calculating the ind
d isobars and isopleths.
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source diameter s f£ive meters. This 20-ton class open-air
platform will become the standard test platform for undertaking
calibraticn ¢f engine thrust
For over ten years, in the area of engine environmental
simylation experinmentation, we have been carrying out exXperiments
such as engine icing; collisions with birds; smoke, water and
sand inhalaticn; and damage by external objects. All tests have
been successful and filled gaps in China's capabilities.
ir. the arvrea of the effect of engines on the external environment.
the Flight Test Center has successfully undertaken research
sarpliing and analysis of aerial combustion gas, real-tine
sarpling of gun charbers, and atmospheric analysis at airports.
In the work of atmospheric polluticn component analysis, it has
been granted full mcenitoring privileges on behalf of the national
enviionientel protection office.
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THE TEST FLIGHT CENITER'S FLIGHT SIMULATICON DEVICES
Rang Dian Chen
The constituticn and function of 8SB-6 flight control sirmulator,
SB-1C00 air conrbat £light simulator and 3B-300 flight training
simulator at CFTRC are presented. {English abstract]
At CFTRC, flight simulation has become an inseparable part of the
work of f£light test research. Its main functions include: 1) Tc
retrain test flight personnel, 2 to provide technical training
for test flight personnel, 3) to review and elisinate mid-aivx
breakdewns, 4% to carry cut special research and investigate
topics concerning limits, and 5) to perform research into test
flight methods.
CFTRC Las always emphasized the developnment of flight simulation,
and has actively undertaxen the construction of simulation
installeticons. Furthernore, it has used these installations for
C 47 sivulatiorn experiment projects on nine Xinds of airvcraf-
sclving narny problers in the area of flight guality. We woul?l
nowW lire to give a concisce description of three of the Center's
surfare fiigit siruletors.
The 3E-¢ Flight Control
Sisuz . Tiie 83B-6 is
Co chielly of the
i the simulating
SONEpUter, the instrument
sivulation syste |, the
toacKing display systen, the
Masurenennt systen and the
cCrresponding €lectrical and
hydraulic pressure suppiies.
The platfors is a control
simulation platfor:. using
three Channels; tone contrel
sSystell C nents of any
kKind of aircraft can be
installed, and the control Fig. 1. The S$B-6 Flight Controi
syste.. parameters (inciuding simulator
the retaticon ratio, the
friction, the weight of
unegual masses, gaps, rigidity, nass, acrodynamlg hinge noment)
can be coinveniently adjusted. This makes the simulator adaptable
ts the characteristics of the contrel system of the sinulated
aircraft (5ee Fig. 1). The simulator computer is a mid-size
simulator computer; it is also eguipped with two non-linear
devices. The tracking display system is controlled by one
single-board sicroconputer; negative pole radiation tube and
didgital tube display are used. On the fluorescent screen, the
"enery plane"” is a circle with an adjustable diameter, akle to
31
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This paper briefly described the developrent of testing research
technigue fov free-flighat models in CFTRC. It mainly introduces
the associatsd test models, the present status of experiment and
measurerent technologies and the prospects of future developnent
(English abstract).

Testing rescarchn for free-

flight -odels at CFTRC has

developed on the kasis of

carried-model test flights.
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relatively great progress in

the fieid of exprorivental

research tecnnology.
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were wooden structure

—_— A L3 T --.._ 9‘094910

roaelis. Lacy Ere eguipped

with & re Ote—CcIontrol Fia. 1. Ip;tallatioj of sensr £
.......... 1. o - —— = - . -~ § G 4w
Peceiver, tarec Cohitrod angle of attack and angle of
Fuaders, a LecovVely sideways slippage on a model.
parachute, and a largs

numnber of DC electrical

cells. Some were eguipp-d with heavy lead batteries. This kind
of model was able only to carry out fixed research programs.
along with the developrment and dissemination of g;a:s fiber
reinforced plastic technology, wooden models were adually
replaced by plastic models. The model fuselage with the exterior
reinforced plastic shells offered a large, useful internal areca,
structural strength, case of maintenance, and appropriateness Ior
small-batch production. Like some light-model aircraft, they
were lignt in weight and had a small wing load; it was also
possible to use flight model structural models (for the fuselage
exterior, wood of low density was used) as free-flying test
nodels The scale of the test models was generally between 1/15
and 1/14, and weight ranged between 30 and 70 kg.
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alsc beern added. In recent yvears, research has been carried out
on the feasibility of "wing-shaped parachutes" for recovery and
¢lider wing landing, as well as impulse-activated nets.
Currently, the average crash rate for free-flight research zodcels
has drcpped to between 8 and 10%; that is, on the averags, there
is one crash for each 10 to 12 flights.
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directicnal overlcad, and the deflection of each rudder surfac=.
Thanks to these capabilities, the research on free-flight testing
hias corpletely entered the phase of guantitative studies.
Irn the 80s, CFTRC installed a YT-2 micro-scale rerote-control
launcher equipped with & telemetric vehicle and a telemetric
surface station. It can be used effectively in data collection,
with & weasurerent precision higher than that of photometry;
thanks to computerized assistance, it represents a great saving
in the guantity of work reguired.
To improve the model's recording system still further, we began
in 1983, on our own, to develop the JCX-5-CJ micro-computer data
syste:r The measurement parameters can be combined automaticall;
&ccording to the freguency value; each time, it is possible to
record 20 independent parameters and five switch guantities.
Even under conditions in which a telemetric staticonm is not
available, it is still possible to process data directly withr the
microcorputery, In cowmparison with the telemetric syster, the
icrocemputer systen lacks a signal transmitter and a recelver
the neasurel data is tenporarily stored on the moadel, whidh
greatly vreduzed the rate of failure.
(vh noon-board magnetic rec s, the microcomputer's
ize is sraller in velus and lighter in weight;
data capacity 1s greater beyond a1l proportions thar
11 magnetic tape. The model stall/tailspin t
zverair domestically manufactured corbat plane
ocomputer data storade device has produced gv
raising the guality of free—-Ilight model test
the duratiorn of the testing period.
CONCLUZION
Curr=ntly, CFTRC is able, unassisted, to design and develcop &
variety of rescavrclh models. In the area of experiment content,
14 01§ «Lic to undertare exteunsive free-flight model research on
the najor ang.e of attack stall/tailspin for aill types cof
aircraft. It is &lso able to undertake the related research in
the area of anti-tailspin parachutes, providing reliable
experirental data for establishing the design parameters for such
devices. Currsntly, the Center is in the process of undertaking
guantitative research for the vertical and horizontal directional
aevodynanic derivatives of aircraft, as well as free-flight model
reseaich for powered models.
KEovizontal frec-flight testing has become an indispensable part
of Chira's vesearch tools for developing new planes. We can
pr=dict that in the area f future developrent in high techncl:g}
aviaticn and aszrospace, ot will be given a prominent position.




Wen Xiaco, Hua Yutian

Ir. recent 10 ars greater progress has been made in aircraft
Engine envir ental and ingestion tests in China. This article
describes sorne achievements in carrying out environmental icinvg
bird ingestion, atmospheric water ingestion, sand and dust
ingestion ment gas reingestion and foreign object daimmage
tests., S thods and eguipment of the tests are also
presented ish abstract]
A great variety of envir al factors affect the perfcormance
and reliability of aircraft engines in use; and the noise and
cxhaust gases the engines gencerate pollute the enviromrent as
well., In the Aviation Engine General Use Specifications
publishel by our government, environmental testing accounts for
tovel of 12 pages; the topics include high and low temperature
starting tests, environwental icing tests, Corrosion sensitivit
tests, kird ingestion tests, tests on dawmage caused by foreidn
okbjects, ice ingsstion tests, sand and dust ingestion tests
water Ingestion tests, arrament gas reingestion tests, operatin
noise analysis, exhaust gas polliution, and survival perforian:te
testing after nutlear explosions. These testing projects &ll
incorporate strict, specific experimental conditions and
standiards of conpliance. In order to undertake certain project
within these tests, JFTAC Las explored and sclected a set of
experirental methods, and has constructed testing equipment
caparld of sitlating envivenvental conditions.

ccvs, CFTRC's work in the f£ield of engine

2. research has chiefly included engine envivonrenta

cticrn, bird ingesticn experiments, armament gas

tests, water ingestion tests, sand and dust ingesti

forveiygn object danage tests; of these, the bird

ests, the sand and dust ingestion tests, and the wat

€sts wird avwarded the Success in Icience and

Awara fron the forrer Aviation Industry Ministry.
ELVIRONHMENTAL ICING TESTING
For engines, the formation of ice occurs mainly at the nouth of
the air-intaks passage, the air-intake flow adjustment support,
the I and I rank rotor blades of the axial fiow air compresscor
and %he forward edge of the stator blade. The formation of ice
can present an extremely dangerous threat to the engine: When
tiazire is & slight coating, it may reduce engine performance and
even cause flanecout; and when there is a heavy coating, it nay
DA the engonie gasp/shuddsr and lead to severe wear and dawage.
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environmental icing
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under conditions of eartii-
- - - - P .
surface atmospheric
teaperature; that 1is, with
the atnospheric teiperatire
| VR Falial ~ R - P
below 07 €, on a surface
O PR U PO T A
engine testiig piratroryi., at
L o e e = Yo oo - - [P P - -
the intake o©f a werking test
engine, an air i.ass
centalning super-cooled
water dJdroplets i3 atéed,
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within the engine passages
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measure : engi s ice-
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& ST S9v water Liaisting/temperature eduction capaklie ©
forming engine ice at endgine intakes. This syster consist
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forn & layer of ice on theée engine components.
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Using the testing eguipiment on domestically manufactured e
-~ | e o o o am . - e - P P - - - — P - - ~
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BIRD INGESTION TE3ZTING
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A bird being ingested into the engine has even caused crashes at

tires throughcout the world. The specifications 1equ¢r= that

after an engin:s has ingested & swmall bird, some of the components
may be damaged,
but the airplane
must not suffer

s e . harm.

Bird ingestion
testing for
engines is
ordinarily
peiforrned cut of
doors on & testing

platform. Th:
Flight Tes:t Centr
uses a pird-ceast.ev
which i1s & lavrgs-
caliber alr ¢un
Tig. 2. Enginc undergcing bird ingesticon (§°“515Fi“9 of a
tes:;;;b. aiy tank, & gurnr
tube, a control
structure, and
CTlhc: asssciated eguipnment). The air tank is full of dry air at
the reguired pressure. During eXperimentation, after ths control
sStructuare is activated, the air under pressure bursts out andc
causes the hollow, soft plastic sleeve loaded with the test Lbird
to accelaerate along the gun tube, reaching the speed prescribed
in thd standards &t the nouth of the gun and crashing inte the
forward part ¢f the £agine. The bird's speed is produdced by th.
air pressure controlling the air storage container, and
r.casurenent is perforrmed by a high-speed camera. This eguipment
has Fkeen uscd for bird casting tests for two kinds of
dorestically manufactured engines. The tests use a chicken as
th=s kird Tae teéests showed that the eguipment completely
satisfied the reguirzments specified in the standards.
ARMAMENT GAS REINGESTICI
When an airvcraft launches a weapon, the weapon emnits & great
amount ¢f scorching hot exhaust. After the engine sucks in these
gases, the intake temperature rises sharply, res ltlrg in a
reduction of the rotaticonal speed. The air flow is reduced,
causing an increase in the combustion chamber excess airv
coefficient and possible flamecut in the combustion chamber. In
addition, the general pressure decreases, leading to a reduction
in axial airflow and increasing the ineguality in pressure field
and temperature field. Under these conditions, it is very
possible for the air compressor to enter an unstable working
condition. It follows that armament gas reingestion XPEIITGHLD
must be carried out to ensure that reingestion does not induce
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engine stalling, gasping/shuddering, £flameout, or mechanical

Currently CFTRC is
able to perform
experiments of
this nature on a
surface testing
platform and
flying test bed.

The Tm“: th
.
t

temperatures

combustion gas

generator in front

oL the engine to Fig. 2. Armament gas reingestion experiment.
Le tested. The

cemperature,

chenical components, etc., of the high-temperature combustion gas
that it generatss are the same as those produced by firinjg a
weapon. Theé gencerator is composed of a simulation shell, a gas
accumulater, a smoke delivery conduit, an ignition device, and so
cni. During experimentation, a small rocket simulation shell is
ignited, and the high-temperature exhaust is forced into the ai:
intake of the engine from the gas accumulator via the smoke
delivery conduit. The amount of smoke produced by the shell and
the temperature ¢f the combustion gas are determined by the size
of the charge. The simulation shell requires 0.1 second for
conplete conbustion. écausc the time that the engine operates
In &n unstakle condition is only ©.1 to ©.2 second, & highly
sensitive measuring systenm has been selected to collect the
instantaneous change fparameters for the engine. This set of
eguipnent has keen used to carry out successful experimentation
on a lavrge runmber of nodels of domestically wanufactured engines.
WATIR IIGESTICH EXFPERIMENTATION

Wnen a piane flies in the rain or taxis on runways with
accurulated water, the engine may suck in large guantities of
water in a liguid state. When a working engine takes in large
quantities of low~temperature rain water, the resulting drop in
tenperature may cause the engine housing and the component parts
and assenblies at the hot end to undergo sudden contraction,
excessively reducing the gap with the blade tips. This in turn
causes danags owing the friction between the blade tips and the
interior wall of the engine housing. Large Quantities of water
entering the combustion chamber lowers combustion efficiency and
may even cause flameout and stop the engine.

When eXperimenting with water ingestion, the amount of water
introduced into the engine should be 5% of the air flow by
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- - - - e e - —— - - - e s e - e Ve e - 1o ..
notest oa T erformance testing was undertaren
-~ - - - P —— = . - = P -
2). Iits xioum ing speed was 1000 Km/hL and
- . S - - = Ll aY fal aWal ~ Lo 2 VS P 2 S L R SU S
titude wes 10,000 . Thiis plane, after ejection
accerptance testing, was at once placed in service. It will b
P PUR RS -4 - L. - aels - = = 0 P - e am - - - [P, B - - - - -
‘used chieily 1n high-speed ejection tests under all types of
- am ~ atme m me e - aa - = - ea - — - - o o me = - - - - P - - =
Taneuvering conditions, and so will greatly enhance China's test
a2 . -— - - e - - - - e £ ool - - = [ — e = e e o ee ama - — — e - - P -
fiight capabilitics for aviation emcrgency systems and provids
P T N - e Ry - o~ - - P g - - - - — - -e - M - . o~ -
favorable conditions for future research in the field.
PP - ) S - - 2 e - - e e = 3 P - e a m o ame 3 em - -
Second to the Zesting axrcraft itself, manneguins atre an
irportant piece of equiprent in flight testing ejection sy
. - - — - - P . - - - a- ~ - > ) - - - - - — £ o an o
They are prepared 1n accordance with the statistics for the
P S - o e e ome - — - - - - - 3 - . - . . m e - e - - —- -
Ehiysica. weasurernents and weight of aviation personnel. The Test
T o e e [ B - - = - - -~ - ey e dm e ) N - - e @ em e e mma g v ma P S - s A | S
LLllidli.e veonivel [LLas constructed dany hahneddins since Lovae, tuc_y
- - - - - £ — - - PP - - - .. - - - - ee - . e - - PR S — . - N -
Were oI grealt use in China's e€arly research on ejection systel.s
A L I e - me & - 4 o B L U  een e o e e e e - - - - A te m s ma . £ - - - s = omeoa -
Reilevant suriface testing eguipnent is also veguired for emercern
- e £ 2 PO SR, - - - e . - - e - - - o e e ™ L
syster fiignt testing. Before in-flight tests, it is crdinaril
necessary To pers seviral preparatory experisents, such as
USLny Neasureénent eguipnent to siudy the ejeltion test. For thl
o= e P L I N I T < S S -
rE€asgn, Wé Gisigned ana Luiilt witihiout foreign assistan:ic a
f . - -1 PR ] - -——- - S . P . R PR, - ", - - = - -~
sarge-scale vertical ejection piatforw in the early 60s {s=c¢ Fig.
3). It was 34 neters high and had
- -~ . - AT -, - - - L - =
a4 angle oI i1aclination of 17°. It
- - . - e - - mta = aeim me e P
was a Tulti-purpose experinentac
device used principelly fc¢
e e ma = es - - . —~ J N — - - -
exXperiments with the performance o
- - - & - - g - - e - - - e 2 -
ejection activation instellavicr =
Ccf emergency syst . The mnaxi.au
- BT e . - P W - = ~ oA
SLPLLASS1LLs €Jel T Welghnt wWal o=
1. - - . TN PUN G T
KJ &nd the maximur permissible
R U . I N S 2 L R
ejelClQnL Specq as e u/=. JO PR
B I - A - - - Y.~ o - -
device could also be used to
pe"f—‘f"i investigatory e€jJection
testing On €EMErgency SYStem
components or subsystens, ejection
- - o= P~ - - - R - T
training for aviation perscoiinel,
- PR T e e . S - &£ P R Pl
G chieck-out testi of zelated
. - I U, : P LI L} PR
reasuring eguipment. This platforw
. - P PN e = e - o - - &
was used for over 20 items of
- maa - . -~ e o N a) P . - .
rescarch,; over 1200 ejection test
P - - e . - | -
runs were carriea out.
- - — . - - - - - .y - A e  a el — an o
To ensure the effective performanc:
0f tests, the Test Flight Center
- PR - P, - - D - -
has developed nany kinds of
- ey o~ ome - n - — . ma - - .a - - P B4 -
overlcvad sensors, angular velocit
Fig. 2. Large-scale sensors, parachute-opening 4dynanic
. . . I L R
vertical ejection platforr. L10&0 Sensors, emergency e€jectzon
PRE BN e e o p e m - = e m pmmp o — =y
telemetric systems, e€mergenc
€jection ITlagnEth reCOl‘dli‘xg
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ON-BOARD TESTING TECHNOLOGY
Sheng Qlanguc, Huo Feifeng, Wu Lianvong
test, the results and correctness of its concl
influenced, to certain extent even determined,
method, testing technigue and equipment. The
t history, current status and test technigues
size aircraft in the Center are introduced. 3
f the test planes used in the flight test are
iish akstract].
In flight testing, regardless of whether it is gualifyin
evaluation or preliminary research testing, the wovrk of
is esseéntial. The methods of measurerent and the testin
technigiue and eguipment have a direct influence on the ¢
flight resulzts and accuracy of the conclusions. Measure
Ay important for flight testing. As flight testi
becores rore thorough, it makes new and even higher dera
easurerent; the progress of measurerent technoclogy and
equ , ¢ the other hand, spur on the development of
TES
THE CURRENT STATE OF REMENT EQUIPHENT
Ths Cent & eguipiment has fpasse
a devse process o i¢ recorders and COF*®
OSCill nagnetic recording eguipment. In the 6
analod record th 14 magnetic channels was d
Iov us aticn ul t. A digital rmagnetic re
syst €2 in use that was able to measure 30 ana
dizi ers; it had a composite sampling rate of
and araiiel and serial methods of recording.
ook ccllection systelnn was also pliaced in opera
had apacity of 256 channels and & corposite s
rate ps. These two kinds of magnetic recordin
are €¢d with surface data-processing conputer sys
additicrn, a PAM/FM/FH system high-capacity telemetric sy
& broad-band freguency-separating telemetric syster are
with then. Since the 70s, an on-bocard PCH programmable
collector and a surface Jdata processing system have been
The maxinun. capacity of this kind of on-board magnetic v
syster is 1024 channels with a total sampling rate of up
kbps. At the kaginning of the 80s, an on-board real-tim
testing data systern (a Lishan [transliteration] composit
reasuring systes) with telemetric technology and a compu
its core was deployed. It comnbines on-board magnetic re
and tdlemetry, and links a pulse-code systen with a muilt
charnel frequency-separating system. It conbines teledie
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bsystex, a nultiple-channel frequency scparating
Jd a telenetric transmitting and nagnetic tape
on-board real-time data processing syster basced on &
can aisv be imstalled. See fig. 17 of the imsert
ra-ion of a part of the Lishan on-board eguipment
lane {not included in translated materiall.
HWNOLOGY FOR LARGE AIRCRAFT TEST FLIGHTS
ess test flights for large civilian aircraft, a
board data system with real-time display and reali-
cessing capabilities is used. This systern consists
gathering and recording subsysten and a real-tine
g subsysten. The PCHM data gathering subsyster 1s
nurber of collecting devices together via a commcnh
acity is 40%6 with a total sawpling rate of 1ZC
measure parameters for changes in velocity and
The on-board real-time data processor subsyster is a
aralysis and wmonitoring systern organized arvouind a
nicomputer. It 1is able to display physical
d calculated results in real time, raising test-
iveness &and ensuring test-flight safety and gquality
in test flights of civilian aircraft, the Test
's air-speed measuremnent syst nas attained
standards; it is able to measure accurately dynamic
essure and provide precise flight altitude and spesd
It is also able to calibrate the plane's airspeed
5¢s a screcen-style airspeed tube total-pressure
tail-fin towed cone static pressure systen. Figure
ter insert (not included] shows the towed cone
¢ system installed on a ¥-7. For checking and
enter ¢f gravity, the total weight of the aircrarft
center of gravity control systew 1is used; the
vity adjustment range is 15-30% and the rate of
1%,
ht Center, in addition to its domestic test fiight
toor evaiuation test flights for the MHarconi MADS-7
fense systern at the beginning of the 80s. This
posed of ten subsystens, and is installed con the F-7
guts measured 137 parameters, providing an accurate
¢l definition.
6




@)
t
o
d
- O

=oFh

()

w
N

%]
m

'

5
L (i)
&

[al}
I
[{IN(e]

<
[1¢]

K

O
g
ct

ct

com
oo
[oN

b
cor (4
Do
et
m
n
ot

Y rh O T

FOO M ke

by
e
m
(]
l
|
[

&t
Ch
-
9
n

[

w
.

3

n
(€]
.y
4
ct
Jote
O
ot

m
-

{uin @
m

1

-
cr
-
=

»

T4
e
v
i

O
' :. {“

rh T

Freop
C
[
0

L O

0

Ly

ol

Jooth M
0

n o

i
O
e
[
(4]

~
'
£
-
hl

Q)
ct O
[LE a B R
1

~
=
=z

ot
g
a
-t N
Rl
}—;- ct

1y

+1
L

i

<

¥

ot t b
}
Lo
e
1-4 ¢t

il [T

t

L]
+3
34
2|

~
-

c

K v
ooer
P
m &)

w

-

>

/0
]
£y
ot
5
m
10
[N
jat}

rh ot Oy

-t
!
[
'—Iv
4
m
\
s
[N

N e
m
h

-

t
'

Al
M
i

(]
ety O

Ph!
[ ]
P
Iy t
cror
hy

-

- m o le e 2 enaa - -V - P : - e - e = 3 - £ 2 . -
ing TecChnigue plays an 1irpeortant rolie inm fiignt tesc
- - Wl - - PR R | - - - - - . e - - -
aft. In this article, the basic features of data
- _— aras = - - e — &0 - P, £ i M B - | .- - -
echnigue are briefly discussed, followed with its
= - - - - - = - s -~ 7 - - = - - = e - e . -
_opient status. Special emphasis is given on the
P I, - P . - - — - P ey - - — - P—— - L
data acguisition and processing systens used by the
PUPE — - o B S v -~y - - "we o - - - d e na p——
>1C ade Janien syster, LisSan'” systel. andc
- - - umn - e T - - - - - - - A - e om ae = - - 3 - -
SCTE. Some WOrK in associated software field is
P | Ty Tl o P D ]
“d (LaiyadlDal A@usilliaciey .
.. - - - - e £ .. - e . e de om em e — P - - an
ratory stages fcr flight testing, the testin
-t - PR IR S Sy - £ P L I R P T
(RS cPCIIlilg ©O- CORicausicns, Gava processiny
T - e J— P T = - PR, - - - LR T
rencl rtant support. with numbers. graphs,
-~ - = T es o mpea em oaan - -~ - £ . e - - S e - - - pu—
IOntrLl prograr codes, it offers outlines o Jdata an
L. —~ - - - - - - - - prapei-1 i [ PR — - - o e — o - -
i testing, Gescribes and displays the test TOCeE S
[ e - £ o "o ae o . £ -t o . P | PO - R
LCTESs S rTaiiure ¢f Tne test, and provides
P, ) P I - T - - - . e - P P -
on the periormance and Jguality of target aircraft &
- - w2 . e = e = m e - - D e = VY L - - £ 0 o . S e -
Foy this veason, the developrent of test filignt a:re
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Prent ani computer tecnnolody.
ARACTERISTICS OF TEST FLIGHT DATA PROCESSING
Al — . - - = om 2 ea oma e - = - - - 3 - - - - ee = - a- Pl - = .
QXTI OPLUOCEsSIInT usss as its dats sources the data IL1¢
R P - - £ 2 - o - - - - - - - - £ w.-
: G test fiigat eXperimentaticn, or the data ficw
Ch & TAgnetlic recording devide. It has a stiong rezl
P A e m e oem - D e e - - - g B T T .
20 . The ancunt <¢f data is in divedt proporticn to
p— - - 3 am PR PO R PP S | - - N
at=. ter 1n use needs special input
= _— - 1. . m - o o m oam e —— - = Y - )
- g 191 PYOCeESSIingG Spced and
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-~ - - PO - N . —- £ - - ..d
I g a Conpletely outfitted witl
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rdware and soitwarce, as well as measurement sSystens.
t
E OF TE3T FLIGET DATA FROCESSING
- o~ e e = oam . o, P - - AV . a = ~ e —
Cerns Cuvientiy iin use 1in thne Test rlignt Center
o Y - = e - - - o - - - - - -2 - e - - 1 - -
Damien system, the Lishan {transliteration] sys
1. . - r - - P -~ e BN | - - .. - £ e A
auan (transiiteration systen. Each of ther 1is
N - - - S UL Uy - - can . P - - m e = — -
Loa data processing system. The data precessed on
- - -~ e T 2 e . - emm - - P S PR P - ey e en o - 3
ror. sampling devices, telemetiric receivers and
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FCi data and FI data, and reali-tine and after-thre-
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available.
M. - PN = oam - - < - - -

Lne panien systen, i Oited
Ry 1 -0 L oae e - - - am o~ -
in 1878 fror 3FrIn ¢f Framnce, -
T | L2 e - LT e
is egQuipped with the HITRA .

- I S - SR Pl T
and nultiple-usc ”*x”quqg
computer systen ctured ] 1
by SE France, used for

T - == -
preéess Systel

-------- PR | F
process alila Linhicus

. - £ .. - ¥ - o Y o
proce for small tasks.
- - o W - e e = e e
41l Lilc 1. . ~isal y
proce it is caparble of
recsi FClI data-£f£iow

- .. - e S el 4 e e £

I H . N P L h] - o~ e - - - P — - - P I -

inpuat Sanp.Llid rdace O Tecnnical personnel using a data
-~ PR I SRR .
« ROE SIuudcealleJusa) processing systea.
[ AN _An arar=ters
rdcCe oUvT 4L pararnctelrs.

- . - £ 2 a o - - &

z = Iave-scltlion

- - - - PO S o - e e ans o dm -
SLiT ITE LT Linieal v pParalicTel
Dl e - @l s oe- e -2 = ppey
sechufulel & ZLnLd . Fisiina a anc
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piess processing are to contircL. Tre
- - — - - - PO PR - e [ . - P B - -
Syste: net festure reai-ti: rocessing. Freliiiinary
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proce 15 & veilry inporitant c&S5Ule 10T deteriiinhiing tac
testa UsSnce.
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In 15c2, another testing systern, the Lishan systen, was
- - - - .3 - -~ - - - - o e ma - - - - e - PR - . — - - - e
ins-a’lled. This is & rmagnetic/telemetric composite system

o & - - £ - PO 2 e F L I ey == e - -

consisting of & PCI veel-time processing syscen and a FCH

P O . - om e S - o a . i . - o~y P S Sy . me o w = e = = -
CS5Cla~aTalll ALAalyYs1ls SYyStclt. 131€ ruin Yeasi—tTliac roCessiny

- - sETITITY 2 1~ e T < e T . - e a2 mm S e mes e me ~ aa = - - cle o o PN
has a MITRA 127 oultiple-use minicomputer systern which can
s i m =~ e ew = e - R —— O e e s - - - O - - - P < 4 ~ T — - - - P
receive Gata flow input at & naxinun rate of 16 kbps. It is &oaw
P - = = aa - e m m o e - - -~ e LA Wl — - .. — PR T - -
Sirustanceousiy ¢ process acwoutv 100 paraseters. The PCH ov Il

- - - = - = - e PR [ - o ke o ean - - ~ - - - i [ — o ae —a
os5¢cillazion analysis systenw has a PRINSC signai &nalysis COonpute:
— - = A = - o - = m— - — - —-— . e o - - — - - —me =~
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-~ e - e e - - PR - - - e = P - - s o - - £ - e
guantity <L iclized software and is used chiefly for
.. asa - - = e o -— T - as = am = - - .~ - m aee - - P - e 5 - P e
procesziing hna.yzing oscillation data produced by thne on-
o o = g T e o a = - P R ~ = -1 - T L - - mm e e = e - . t\..
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N — I ST B e e = e e - e e - v 2 . - -
process o1 a e analysis, & maxXimun parameter sarpiinig rate
- £ el ~ 1. 2 - - aa - - e ] — - - - - S e e~ -~ w - ™ £V e _-——
¢f 31024 Lits per second can be achieved frowm the FCH flow, and
.2 L™ PR R e P =4 - — - L - - - - - — - o - P - -
eight channels of oscillation data can be collected from the Til
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flow. The tectal Flf sarpling rate cannot exceed 100 kbps.
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Concerning FM signals, real-time display is possible for a
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caximum ¢f four channels and real-time processing is possible for
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four channels. The s:tructure of the Lishan systen 1s COLpicX,

- P e - - - £.. " . - . - L £ - 2 m e -
ana it has a fuii range vi functions.
The Qinchuan syster instalilied i 1538 is a esting system for ar
The Qinchuan syster instailied 1n 15 is a testing systenm for an
O T . [, R [ T [P PR, e e = = £ [P,
clectionic experimental plane. The collecting eguipment oI talis
—-—— = CR Ty v - - e = w moae e T - - PR, R - 2 R g -_ - - e e -
systen (RMDU) was previously used widely in American aviaticn and
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FLIGHT TE3STING AIRCRAFT FIRE CONTRCL, S3PECIAL EQUIPHE!T
AlID ELECTRONIC AND AUTCHATIC CONTROL 3YSTEHMS
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